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ABSTRACT 

A 134-scale sectional model of the spillway and outlet works or' 
Lower Two Medicine Dam in Montana indicated that the stilling 
basin, common to both features, would operate satisfactorily as 
a USBR Type 11 basin, but that the basin performance could be 
improved by the addition of an  intermediate row of baffle piers. 
The piers eliminated a "reverse roller" observed in the river 
channel immediately downstream from the Type I1 basin, which 
conceivably could result in r iver bed material being pulled up- 
stream into the stilling basin with possible accompanying abra- 
sive damage. The spillway and outlet works had sufficient capa- 
city to pass the required flows. Sand erosion and riprap tes ts  
were applied to both the preliminary and recommended basins 
and the movement of rock and sand material was observed in 
both basins. 
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PURPOSE 

The study was  performed to determine the hydraulic operating charac- 
t e r i s t i c s  of the overflcw spillway and slide-gate-controlled outlet works,  
with par t icular  regard  t o  the performance of the hydraulic jump sti l l ing 
basin.  

RESULTS 

1. The prel iminary designs of the  spillway c r e s t  and the outlet  works 
w e r e  sat isfactory.  Discharge capacities were  adequate to  pass  the  r e -  
quired maximum flows, F igures  7 and 9. 

2. The outlet conduits downstream f r o m  the gates were  enlarged to  
eliminate surging in  the conduits when the outlet works operated alone, 
F igures  12 and 15. 



8. All practical precautions should be taken to keep the stilling basin 
free of rock and sand before and during spillway or  outlet works opera- 
tion. Since the most probable source of material is  the downstream 
channel,_the inclusion of baff;'e piers was recommended. 
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J.NTROEUCTI0N 

Lower Two Medicine Dam is lykated on Two Medicine Creek about 
40 miles west of Cut Bank inporthwestern Montana, Figure 1. The 
dam is an earthfill structure/with a height of approximately 56 feet 
and a crest  length of about 1, 100 feet, Figure 2. 

size tested i n  model) o r  less would be swept from the basin for  the maxi- 
mum spillway discha:-ge of 20,600 cfs (cubic feet per second}. A few 
pieces were lodged between the dentates. F o r  a spillway discharge of 
12,300 cfs, some material larger than 3 feet was deposited against the 
end sill but most of the material was swept from the basin. For  a spill- 
way discharge of 5,900 cfs,  most of the material was deposited in the 
downstream portion of the basin. Material remaining in the basin did 
not circulate. The smallest rock size tested had a maximum dimension 
equivalent to a prototype size of about 1 foot. The model also showed 
that sand might circulate in the upstream portion of the basin d u r i ~ g  
small spillway 

6 .  With the baffle,,piers in place, rock material remained at  different 
sections in the bas'in, depending on the rock size and the spillway dis- 
charge. A negligible amount of material was swept from the basin. 
Rock material remaining in the basin maintained a stable position with- 
out circulation. Sand circulated upstream from the baffle piers for drs- 
charges up to about 4,000 cfs, then moved to the downstream end of the 
basin with little circulation. 

7. During operation of the outlet works alone, eddies in the basin re-  
sulted in the circulation of sand and other small particles, which repre- 
sented an estimated maximum prototype size of about 3 to 6 inches. The 
circulation was relatively slow. At the outlet on the downstream face of 
the spillway, the sudden expansion of the outlet works discharge could 
cause circulation of abrasive material in the immediate vicjnity of the 
outlet. 



The spillway, Figures 2 and 3, is an overflow cres t  with a width of 
185 feet, located 16.78 feet below the cres t  of the dam. The outlet 
works, Figure 4, consists of two 3-foot-wide by 3- 112-foot-high rec- 
tangular conduits, controlled by slide gates. The outlet works passes 
under the spillway section and discharges into a depressed section of 
the spillway stilling basin. The stilling basin discharges into the 
r iver  channel, which is  protected by r iprap for a distance of 40 feet 
downstream from the end of the basin. The use of a common stilling 
basin for both the spillway' and outlet works indicated that problems : 
might be encountered during simultaneous operation of these features, 
therefore hydraulic model studies were requested. 

THE MODEL 

The 1:24 scale sectional hydraulic model represented about 65 feet 
(o r  about 35 percent) of the total width of the overflow spillway, meas- 
ured from the right side of the spillway. The outlet works was included 
in this section. The spillway crest ,  outlet works, and stilling basin 
were fabricated from sheet metal. The chute blocks and dentated end 
sill were made from wood. These portions of the model a r e  shown in 
Figure 5. 

Water was supplied to the model through the permanent laboratory 
supply system and discharges were measured with volumetrically 
calibrated venturi meters  o r  orifice meters (for very small dis- 
charges). Reservoir water surface elevations were measured by a 
point gage upstream from the spillway cres t .  Tailwater elevations 
were measured by a staff  gage marked on the wall of the model near 
the downstream end of the stilling basin. Tailwater settings were 
made with an adjustable tailgate, according to the curve in Figure 6 .  



y stilling basin, shown in'Figure 5, was 
ding 'to the guidelines of Engineering Mono- 
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a dentated end sill. The horizontal portion 
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The Preliminary Design 

Discharge Capacity of the Spillway 

The discharge capacity of the spillway was determined to check the 
capacity assumed for design purposes. The reservoir  elevation 
versus discharge curve is shown on Figure 7, which includes a cor- 
rection for  velocity head. This correction was necessary because 
the model configuration did not allow water surface elevation meas- 
urement a t  a sufficient distance from the c res t  to ensure low velocity 
and negligible velocity head. The section a t  which the model water 
surface elevation was measured was about 50 feet (prototype) up- 
s t ream from the spillway cres t .  The water surface drawdown as  the 
flow passed over the spillway caused a sufficient lowering of the water 
surface elevation a t  the measuring section to require a correction. 
The drawdown at any point is equal to the velocity head at  that point. 
Velocity head corrections were negligible below a reservoir  elevation 
of about 4890 (discharge = 15,000 cfs). 

The spillway capacity was 20, 500 cfs a t  maximum reservoir  eleva- 
tion 4891.5 o r  approximately 0.5 percent less than the assumed design 
capacity of 20,600 cfs. Velocity distribution 50 feet (prototype) up- 
s t ream from the spillway c res t  for  the maximum discharge is shown 
in Figure 8. 

Discharge Czpacity of the Outlet Works 

The two-conduit outlet works was calibrated with the gates equally 
opened to 100,. 75, 59, and 25 percent, and a curve showing dis- 
charge versus  r e semoi r  elevation was derived for each gate opening, 
Figure 9. Because the slide gates were not accurately represented 
in the model, t h e  curves  of Figure 9 for partial gate openings should 
be considereri only an approximation of the discharge capacity of the 
outlet works .  The mod+ indicated that the outlet works discharge 
would be 7701cfs with th'e reservoir  water surface at  the spillway 
c res t  (elevation 4882.22) and with both gates 100 percent open. This 
is about 4 percent higher than the assumed design discharge of 740 cfs. 

Stilling Basin Operation 



of the outlet works stilling basin was 52 feet 3-518 inches long, with 
the floor 4 feet below the floor of the spillway basin, The outlet works 
basin was 15 feet wide and also included chute blocks. The downstream 
portion sloped upward to the common dentated end sill. 

Simultaneous operation of the spillway and outlet works a t  the maxi- 
mum combined design discharge (20,500 ,:fs over the spillway and 
approximately 716 cfs through the outlet works) indicated generally 
satisfactory operation of the stilling basin. However, a "reverse 
roller" formed immediately downstream from the dentated end sill. 
This rol ler  pulled material from the channel bed downstream of the 
basin. moved i t  upstream toward the basin, and deposited it on the 
downstream side of the end sill. High velocity downstream currents 
along the basin floor prevented this material from moving into the 
basin. 

Sand Erosion Test.--To evaluate the effects of the "reverse roller,." 
an erosion test was conducted in which the movement and deposition 
of sand in the downstream channel were observed. Figure 10A shows 
the configuration of the sand bed before the test. The bed sloped up- 
ward a t  6 : l  for a distance of about 23 feet (prototype) from the end 
sill and then became level. The model was operated with the maxi- 
mum combined design discharge (spillway and outlet works) for  approx- 
imately 100 minutes (equivalent to about 8 hours prototype operation) 
a s  pictured in Figure 10B. Within a few minutes after the s t a r t  of 
the test, the configuration of the sand bed had shifted to that shown in 
Figures 10B and C. The motion of particles can be detected in the 
blurred a reas  of Figure 10C, immediately downstream from the end 
sill. Figures 10D and E show the final bed configuration. The ridge 
in Figure 10D is immediately downstream from the outlet works por- 
tion of the stilling basin, and indicates that either the lower floor in 
that a rea  o r  the s1opin~:floor leading to the end sill has some effect 
on bottom flow currents. Figure 10E illustrates the deposition of ma- 
terial  on the downstream side of the end sill. 

At a spillway discharge of approximately 7,000 cfs (the outlet works 
was not operating), with the tailwater a t  elevation 4865.8, some sand 
moved into the basin and circulated near  the downstream end of the 
basin. Although the tailwater elevation was higher than that predicted 
for the 7,000-cfs discharge, this observation indicated that for  certain 
combinations of tailwater elevation and discharge riverbed material 
might move upstream'into the stilling basin. 

Riprap Test. --The sand erosion test w a s  indicative of the flow condi- 
tions downstream from the stilling basin but was not truly represent- 
ative of the movement of material to be exoected in the ~ rn to tvoe  



size of about 1-112 inches was installed in the model to represent 
the prototype riprap, which has a maximum size of 3 feet. The rip- 
rapped model channel bed is shown in Figure 11A. After about 
100 minutes operation at the maximum combined design discharge 
(Figure l lB) ,  the bed appeared a s  shown in Figure 11C. There was 
some displacement of the riprap; the amount of movement was di- 
rectly related to the fragment size. Several small pieces moved 
short distances upstream along the riprap bed but no rock entered 
the basin. The sand bed downstream from the riprap assumed a 
configuration similar to that observed following the sand erosion 
test. The velocity along the bottom was high enough to move the 
sand downstream. The test indicated that the riprap was sufficient 
to protect the riverbed from scour in the immediate vicinity of the 
stilling basin. 

Movement of Rock in the Stilling Basin.--A test  was conducted to 
determine the movement of material in the stilling basin, assuming 
that such material had been previously deposited in the basin by some 
unknown means. Rock fragments\with maximum dimensions ranging 
from about 112 inch to about 2 inches (model) were hand placed in 
the upstream end of the basin during spillway operation. Results 
were essentially the same either with o r  without concurrent outlet 
works operation. 

For  the maximum design discharge of 20,500 cfs, all the material 
was swept to the downstream end of the stilling basin. Several large 
fragments became lodged between the end sill dentils but most of the 
material was swept completely out of the basin. 

At a spillway discharge of 12,300 cfs, all the 112- and 1-inch ma- 
terial was swept from the basin; the 1-112- and 2-inch fragments 
were either swept from the basin o r  were deposited on the upstream 
side of the end sill. 

With the spillway discharging 5, 900 cfs, some of the 112-inch mate- 
rial was swept from the basin but the largest portion was deposited on 
the upstream side of the end sill. The 1-inch material was initially 
moved by the flow to an area near the midpoint of the basin then 
moved along t:-e floor to the end sill. 1- 112-inch fragments reacted 
very similariy, but moved more slowly. Most of the 2-inch material 
came to res t  a t  about three-fourths the basin length and moved very 
slightly after the initial deposition. Several fragments were placed 
bv hand in the downstream end of the outlet works conduit and re-  



Althougl; the model indicated that the prototype riprap would provide 
adequate protection against erosion of the r iver  channel at  the end of 
the stilling basin, a row of intermediate baffle piers was placed at 
one-third the length of the basin toZeliminate the reverse roller, thus 

The test  indicated that no circulation of large material in the stilling 
basin would occur during operation of the spillway. The material would 
either be swept from the basin o r  deposited in a relatively stable posi- 
tion, depending upon the fragment size and spillway discharge. 

The movement of sand in the stilling basin also was observed. Sand 
was initially placed in the basin and observed as  the spillway dis- 
charge increased. Shortly after the s tar t  of splllway operation, sand 
circulated in the extreme upstream end of the basin. As the dis- 
charge increased the sand moved downstream and very little circu- 
lation was observed. At a discharge of 7,000 cfs all the sand had 
been swept from the upper level of the basin; some sand remained 
on the sloping apron in the downstream portion of the lower level of 
the basin. As the discharge increased more sand was swept from 
the lower level. Some particles moved laterally and circulated for 
a short  time on the upper level before being swept out of the basin. 
At a discharge of 11,000 cfs all sand material had been swept into 
the downstream channel. 

Operation of the Outlet Works Alone. --The outlet works was operated 
with the reservoir  water surface at  the spillway crest  and the gates 
slightly closed to limit the discharge to the design value of 740 cfs. 
Eddies formed in both sides of the basin, but their mtensity and 
extent were not large enough to cause riverbed material to  be pulled 
into the stilling basin. However, the eddies in the basin caused the 
opening at  the spillway face to alternately flow full then partially full, 
causing surging in the conduit downstream from the gates. Such surg- 
ing might damage the gates and the gate controls. Figures 12A and B 
show the conduit flowing partially full ( l 2 A )  and full (l2B). 

Modifications to the Preliminary Design 



as described bel& . 

The Recommended Design 

Since no changes were made to the spillway cres t  o r  to the cutlet 
works conduits upstream from the gates, the spillway and outlet 
works discharge capacities remained the same a s  in the prelim- 
inary design. 

Stilling'Basin Operation 

Flow conditions in the stilling basin during simultaneous operation 
of the spillway and outlet works were very good. The "reverse 
roller" was eliminated and all bottom turbulence was confined to 
the stilling basin. , The profile of the hydraulic jump was altered, 
becoming steeper in  the vicinity of the-baffle piers and essentially 
horizontal downstream Irom the piers. 

Sand Erosion Test.--A 100-minute test  at  the maximum combined 
design discharge of the spillway and outlet works, Figure 13A, indi- 
cated a very different erosion pattern than that observed for the pre- 
liminary basin without baffle piers. No material was deposited on 
the downstream side of the end sill;  instead the bed immediately down- 
s t ream from the end sill was lowered slightly, a s  can be  seen in the 
profile of Figure 13A. The velocityin the downstream channel was 
sufficient to move material downstream, the same a s  in the prelim- 
inary design. 

The ridge of material immediately downstream from the outlet works 
portion of the basin was again apparent, Figure 13B. 

Riprap Test. --A 100-minute test at  the maximum combined discharge 
with the riprapped bed did not move the rock protection, Figure 14. 
The sand bed downstream from the riprap, Figure 14B, assumed a 
configuration very similar  to that of the preliminary design, Figure 11C. 

Movement of Rock in the Stilling Basin.--The test used with the pre- 
liminary design was dupl~cated. With the spillway operating alone a t  
20, 500 cfs, 112-inch material was swept downstream and deposited 
immediately upstream from the end sill. There was some down- 
s t ream movement after deposition and several  pieces moved through 
the dentils. Most of the 1-, 1-1 12-, and 2-inch material was initially 
moved by the flow tq, the a rea  between the baffle piers and the end sill, 
then moved slowly along the floor, fiqally coming ta res t  immediately - 
upstream f r  . Several 2-inch fragments lodged between . 
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the baffle piers. Some of the 1-inch material moved through the 
dentils . Also, several pieces of the 2-inch material were deposited 
along the slope in the outlet works portion of the stilling basin. 

For  a spillway discharge of 12,300 cfs, the 112-inch material was 
initially moved to the area between the baffle piers and end sill, then 
moved downstream to the end sill. Some fragments moved through 
the dentils. Most of the I- ,  1- 112, and 2-inch material was depos- 
ited in the downstream one-third of the basin; several large fragments 
lodged between the baffle piers. No material moved through the den- 
tils. Fragments placed by hand in the downstream end of the outlet 
remained in that position. 

With the spillway discharging 5,900 cfs, 112-inch material was moved 
to a position '15 to 20 feet(prototype) downstream from the baffle piers 

' 
and exhtbited some subsequent movement. 1- and 1- 112-inch mate- 
r ial  wa$.'+ither lbdged upstream from the baffle piers o r  deposited 
immediately downstream from the piers. Nearly a11 the 2-inch mate- 
rial was moved to an a rea  upstream from the baffle piers. Fragments 

' which w:ere hand placed downstream from the piers remained in that 
position. 

, 
The movement of sand was observed-during an increasing spillway 

~7 discharge, a s  in the preliminary design. Again, sand circulated in 
the upstream portion of the-basin for low spillway discharges. The 
presence of the baffle piers caused some of the material to be held 
upstream from the piers for discharges below approximately 4,000 cfs. 
At this discharge some sand was circulated rapidly around the baffle 
piers. As the discharge increased the turbulence around the baffle 
piers increased, then moved to the downstream side of the piers. At 
a discharge of about 8.000 cfs the sand had moved out of the zone of 
high turbglence and pr&tically no material was iifted off ihe floor. 
At a discharge of approximately 16,000 cfs all material had moved 
downstream to an area immediately upstream from the dentated end 
sill and sand was moving between the dentils into the downstream 
channel. At the maximum spillway discharge of 20,500 cfs the sand 
continued to exhibit slow movement from the basin into the downstream 
r iver  channel. 

2 ,  

In general the recommended basin.exhibited a greater tendency ta  re-  
tain material within'the basin than the preliminary design. . In either 
c a s e ,  the only indication of possible damaging circulation of abrasive <! 

material occurred during small  spillway discharges when the turbu- 
lence was confined to the ~tpstream portion of the basin. The, question 
remains as'to whether the available energy will be sufficient to cause 
abrasive damage i f  the material is available. It is recommended that 
al l  practical precautions be taken to eliminate the presence of abrasive 
material in the basin before and during operation of the spillway. 



inated the possibility pf material being pulled into the basin during 
spillway operation. For discharges above approximately 8.000 cfs, 
any material in the basin will move downstream and eventually enter 
the downstream channel. In view of these findings, the inclusion of 
baffle piers is recommended. If the baffle piers become severely 
damaged by freezing and thawing during the winter months, the basin 
should continue to operate satisfactorily with the configuration of the 
preliminary design. 

I Operation of the Outlet Works Alone. --The operation of the modified 
I outlet works was satisfactory, Figure 15. The lareer  oneninlr elim- 

L - - -= ------ 
1 inated the surging described-earliir. Eddies whicgformed in the 

basin caused slow circulation of sand and other small particles which 
represented an estimated prototype size of 3 to 6 inches. Flow con- 
ditions at  the outlet indicated that abrasive material might circulate 
rapidly near the outlet, because of the sudden expansion of flow and 
accompanying turbulence. This again stresses the imuortance of 

I keeping the stilling basin free of sand and rock material. 
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A. Outlet works entrances and upstream 
face or spillway 

Lower -TWO ~~eaic~ne uam 
Spillway and Outlet Works 

1:24 Scale lModel 

SECTIONAL MODEL OF SPILLWAY AND OUTLET WORKS 
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VELOCITY - FEET PER SECOND (PROTOTYPE) 

0 24 '  (prototype) left o f  model % 
Model E 
24 '  right o f  model 

, ---- , Average o f  3 sections 
Velc;ities measured 50' (prototype) upstream 
f rom spill woy crest .  
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A. Sand bed before test  
(facing downstream) 

B .  Spillway 
Outlet wc 

discharge = 20, so 
irks discharge = 7 

0 c i s  
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E. Deposition or sand on Lower Two Medicine Dam C. Closeup or action at  end siU 
cnd si l l  after test Spillvmy and Outlet \L'orl;s 
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SAND EliOSION TEST, PREI,IRIINAFtY DESIGX 





A. Conduit flowing partially full 
outlet works discharge = 740 cfs  
tailwater elevation 4 8 5 5 . 2  

B . Conduit flowing fuu 

Lower Two Medicine Dam 
Spillway and Outlet Works 

1 2 1  Scale Model 

OUTLET WORKS OPERATION, PRELIMINARY DESIGN 









The metric technical un i t  of f m e  is the Idl-fme; this i s  t h e  force which, when applied to e boqy havlng a 
mase of 1 Xg, g w e s  it an acceleration of 9 . 8 W  d s e d s e s ,  the  standard acceleration of Cree fall tnard the earth's 
center fo r  sea l eee l  a t  45 dce la t i tude.  5 e  metric m d t  of fmce i n  SI m i t e  i s  t h e a n t o n  (N), which is defined as 
the t  fmce which, .hen applied t o  a boqy having a mass of 1 kg, gives it an acceleration of 1 ds/sedaec. mehe mits 
must be distinguished rn the  ( inccmdd)  1M -eight of s boqy having a mass of 1 u; thet i e ,  the  weight of s 
boqy i s  t h a t  force w i t h  which a baqy is at t racted t o  tho earth and is equal t o  the  mass of a W n u t i p l i e d  W the 
ascelerstirrn due t o  gnvity. Haever, becawe it i a  general prsctiee t o  use "pound" rather  tha. the technicsilly 
correct term "pnmd-fome," the tw "kilogram" (or derived mass d t )  has been wed in this guide ink.ead of "Idlog- 
forcet' b w e s s i m g  the conversion factore f d  forces. 5 c  nerton vnlt of force rill f i W  inmasing w e ,  and is 
ess&ial in SI units. 

m 
Sq- inchell. ! . . . . . .  6.4516 (uaotly) . . . . . .  Sp- c e n t h t e r s  
Swa~e  fee t .  . . . . . . . .  9B.03 (exmctwb. . . .  Sp- cul t lmt-  . . .  . . . . . . . . .  0.092903 ( e ~ , ~ I s )  :. a- - t e n  . .  . . . . . .  . . . . . . . .  Sq- YUds 0.836127 : .'Square raters 
&=a. . . . . . . . . . . .  0.- . . . . . . . . . .  neatarrs . . . . . . . . .  . . . . . . . . . . . .  4,046.9.. : .-mstsrs . . . . . . . . . . . .  0.M40169. . . . . . . . . .  *re Hl-tere 
a- milea . . . . . . . .  2.38999. . . . . . . . . . . .  HI-ters 

Cubic &hes . . . . . . . .  16.367l. . . . . . . . . . .  Cuble e m r h r a r s  
cubic f e e t  . . . . . . . . .  0.0283168 . . . . . . . . .  Cuble nrters 
CUblc W e .  . . . . . . . .  0.764555. . . . . . . . . .  Cubl: netem 

cmcm 
P l e d  omcos (U.S.) . . .  29.5737. . . . . . . . . . .  Cubic c c n t m e r n  . . .  29.5729. . . . . . . . . . .  Mtllilitns 
Liqvid pin* (U.S.) . . .  0.4731TJ. . . . . . . . . .  Cubic d e c i m t e n  . . .  0.473166. . . . . . . . . .  Liters  
Qmrts (U.S.). . . . . . .  9,463.58. . . . . . . . . . . .  Cubic = e n t i n t e m  . . . . . . .  0.946358. . . . . . . . . .  Liters  - (U.S.) . . . . . .  3,785.43* . . . . . . . . . . .  Cubic c - t i n t e r s  . . . . . .  3.18543 . . . . . . . . . .  Cubic 4ee-tora . . . . . .  3.76333 . . . . . . . . . .  Liters . . . . . .  0.~03785430 .~stna . . . . . . . .  

(U.K.) . . . . . .  4.51609 . . . . . . . . . .  Cubic deolneters . . , . . .  4.545% . . . . . . . . . .  Litem 
Cubic f e e t  . . . . . . . .  28.3160. : Liters  . . . . . . .  . .  
Cubic msda . . . . . . .  761.W . . . . . . . . . . .  L i b n  
dcm-feet. . . . . . . . .  1,233.P . . . . . . . . . . .  CuMe mcters . . . . . . . .  .1.233.* . . . . . . . . . . .  L i t e n  





A 1:24-scale secti.ma! model of the spillway and outlet works of 
Lower Two hledicir!? Dam in Montana indicatcd that thc s t~l l i r io  
basin, common to both features,  would operate satisfactorily as 
a USBR Type I1 basin, but that the basin performance could be 
lmoroved bv the addition of an intermediate row of baffle ~ i e r s .  
~ h ;  p i e r s  d imina ted  a " reverse  roller" observed i n  the Fiver 
channel immediately downstream f rom the Type I1 basin. which 
conceivably could resul t  in r i ve r  bed m a t e r ~ a l  being pulled up- 
s t r e am into the stilling basin with posslble accompanying abra-  
s ive damage. The spillway and outlet works had sufficient capa- 
city to pass  the required flows. Sand erosion and r ip rap  tes ts  
were  aoolled to both the orel iminarv and recommended basins 
and the' hovement  of rock and sand "material was observed i n  
both basins.  
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and the ~ i~ovenicn t  of rock and sand mater ia l  was observed in 

A 1:24-scale sectional model of the spillway and outlet works of 
Lower Two Medicine Dam in Montana indicated that the stilling 
basin. common to both features,  would operate satisfactorily a 
a USER Type I1 basin, but that the basin performance could be 
improved by the addition of an intermedtate row of baffle p ie rs  
Thc: piers  eliminated a " reverse  roller" observed in the r i ve r  
channel immediately downstream f rom the Type I1 basin, whic 
conceivably could resul t  in r i ve r  bed mater ia l  being pulled up- 
s t ream into the stilling basin with possible accompanying abra-  
sive damage. The spillway and outlet works had sufficient capa- 
city to pass  the required flows. Sand erosion and r ip rap  tes t s  
were applied to both the preliminary and recommended basins 
and the movement of rock and sand mater ia l  was observed in 
both basins.  

ABSTRACT 

A 1:24-scale sectional model of the spillway and outlet works of 
: '  Lo&r Two Medicine Dam in Montana indicated that the stilling 

basin. common to both features,  would operate satisfactorily a s  
a USBR Type I1 basin, but that the basin performance could be 
improved by the addition of an intermediate row of baffle piers .  
The piers  eliminated a " reverse  roller" observed in the r i ve r  
channel immediately downsiream f rom the Type I1 basin, which 
conceivably could resul t  in r iver  bed mater ia l  being pulled up- 
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sive damag6. The spillway and outlet works had sufficient capa- 
city to pass  the required flows. Sand erosiirn and r iprap tes t s  
were applied to both the preliminary and recommended basins 
and the movement of rock and sand mater ia l  was observed i n  
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